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Claims 

S 1 . A positioning system for one or more cables towed underwater behind a marine vessel^ tfie 
positioning system comprising: 

at least two sin&ce imits tmvding witii a nuunne vessel at Ae water s^^ 
including: 

a GPS receiver for receiving radio-firequency GPS signals and determining llie position 
10 ofthesur&ce unit; and 

an acoustic transmitter for transmitting into the water acoustic message signals 
rq>resentiqg the position of the sur&ce uni^ 
a plurality of acoustic receiver units disposed underwato* along one or more cables towed 

underwater behind the marine ve^el, each cable extending from a head end nearer the 
15 marine vessel to an opposite tail end, each acoustic receiver unit including: 

an acoxistic receiver for receiving the acoustic message signals transmitted by tiie 

plurality of surface imits and determining the position of the acoustic receiver 
unit from the acoustic message signals. 

2. A positioning system as in claim I furOier comprising: 

20 an acoustic transceiver unit attached to one of the cables and including: 

an acoustic receiver for receiving the acoustic message signals transmitted by the 
plurality of surface imits and determining its position from the acoustic 
message signals; and 
an acoustic transmitter for transmitting into tise water acoustic message signals 
25 representing its position* and 

wherein flie acoustic receivers in at least some of tiie acoustic receiver units receive tiie acoustic 
message signals from the acoustic tiansceiva unit for use in <telennining position, 

3. Apositioning system as in claim 1 conqnrising four sur&ce units, two of the surface units towed on 
opposite sides of tiie marine vessel near tiie head end of the cable and two of the suifiice units towed 

30 spaced apart near the tail end of the cable. 

4. A positioning system as in claim 2 having a plurality of cables towed behind the marine vessel and 
\vfaerein the sur&ce units are towed near the head end and tiie tail end of tiie cable and conqprising a 
plurality of acoustic transceiver units disposed between the head end and tiie middle and the tail end 
and the middle of the outermost towed cables. 

35 S. A positioning system asm claim 1 fto^er comprising a conmnmication link between the mai^ 
vessel and the acoustic receiver units over "o^ch position data from the acoustic receiver units are 
transmitted to tiie marine vessel. 
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6. ApositioniDgsystemasinclaim 1 further coiiqirismg a two-way comm^ 

vessel and flxe suifice imits and tiie acoustic receiver units. 

7. A positioning system as in claim 1 conqidsing at least three sur&ce units and wherein eadi acoustic 
receiver receives acoustic message signals transmitted from three 8urfiu» units. 

8. A positioning system as in claim 1 wfaemn the acoustic message signal includes a time stamp. 

9. A positioning system as in claim 8 wherein flie time stamp is a sequence number. 

10. A positioning system as in claim 1 furdxercomprisiiQ a communication link between the marine 
vessel and die acoustic receiver units over which a clock-synchronizing signal is sent to the acoustic 
receiver units. 

1 1 . A positioning qrstem as in claim 1 wherein the OPS receiver in the sur&ce units recovers GPS time 
from the radio-frequency OPS signals and '^lerein die surftce units frnther include a clock 
synchronized to GPS time, the clock determining the time of transmission of the acoustic message 
signals. 

12. A positioning system as in claim 1 further conqirising a cable control device associated with the 
acoustic receiver unit and using die position detennined by the acoustic receiver unit to control the 
cable. 

13. A positioning system as in claim 1 wherein at least one of the surface units is hotised in marine 
survey equipment selected from die group consisting of: pamvanes» tail buoys, and remote-controlled, 
autonomous surface vehicles. 

14. A method for positioning imderwater streamer cables towed behind a surface vessel in a marine 
seismic survey, conqnising: 

attaching acoustic receiver units at spaced apBxt locations on one or more streamer cables; 
towing the streamer cables undowater behind a sur&ce vessel; 

towing a plurality of suifitce units including GPS receivers and acoustic transmitters behind the 

sur&ce vessel; 
receiving OPS signals in the sui&ce units; 

transmitting acoustic message signals from each of die surface units representing the sur&ce 
unifspositioI^ 

receiving the acoustic message signals in the acoustic recdver units to determine tiie positions 
of the acoiistic receive units. 

15. The method as in claim 14 furtiier conpising: 

sending a dock-synchronizing signal to die acoustic receiver units. 

16. Ihe method as in claim 14 further comprising! 

recovering OPS time from the OPS signals received in the sur&ce units to synchronize die 
transmitting of the acoustic message signals to GPS time. 

17. The mediod as m claim 14 further conqirising: 

attaching acoustic transceiyer units including acoustic receivers and acoustic transmitters at 

locations on one or more of die streamer cables; 
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receiving the acoustic message signals trazisinitted by the sur&ce units in fbs acoustic 

transceiver units; 

transmitting acoustic message signals from each of the acoustic transceiver units representing 
the acoustic transceiver unit* s position; and 
S receiving the acoustic message signals transmitted by the acoustic transceiver units in flie 

acoustic receiver xmits to determine ttie positions of fte acoustic receiver units. 
18. The method as in claim 17 further conqsrising: 

sending a clock-syncbronizing signal to the acoustic receiver units and ttie acoustic transceiver 
units. 

10 19. The method as in claim 14 further comprising: 

controlling the position of ttie underwater cables fiom the positions determined by the acoustic 
receiver units. 

20. A positioning system for one or more cables towed^ or dragged, underwater behind a marine vessel, 
the positioning system comprising: 

15 at least two sur&ce units traveling with a marine vessel along ttie water surfiice, each surface 

unit including: 

a OPS receiver for receiving radio-frequency OPS signals; and 
an acoustic transmitter for transmitting into flie water coded signals identifying the 
particular sur&ce unit; 

20 a plurality of acoustic receiver imits disposed underwater along one or more cables towed 

imderwater behind the marine vessel, each cable extrading fiom a head end nearer the 
marine vessel to an opposite tail end, each acoustic receiver unit including: 
an acoustic leceivw for receiving the coded signals transmitted by flie plurality of 
surface units and determining the code delay of ^ coded signals so that the 

25 position of the acoustic receiver unit can be determined. 

21. A positioning system as in claim 20 fur&er comprising: 

a navigation system aboard the marine vessel; . 

a communication link between the navigation system and &e acoustic receiver units, 
wherein the acoustic receiver units transmit pseudoiange data indicative of the code delay of 
30 flie coded signals to the navigation system to deteannine fiie positions of Ae acoustic 

receiver imits. 

22. A positioning system as in claim 21 wherem the navigation system transmits a clock-synchronizing 
signal over the communicatimi link to the acoustic receiver units. 

23. A positioning system as in claim 21 further conqirising a cable control device associated with and 
35 proximate to each acoustic leceiva unit and wherein the navigation systeni transmits a command 

signals over the conmmnication link to tiie cable control device to control tte position of the cable. 
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A positioning system as in claim 20 wherein the acoustic transmits in each sur&ce unit transmits 

telemetiy data indicative of the surfiice unit* s position with the coded signals to the acoustic receiver 

A positioning system as in claim 20 wherem fhe OPS receiver in the smfitce units recovers GPS 
time fiom tiie radio-frequency GPS signals received in tiie surfiice units to synchronize tiie transmitting 
of the coded signals to GPS time. 

positioning system as in claim 20 wherein at least one of tiie suffice units . is housed in marine 
survqr equipment selected from tiie group consisting of: paravanes, tail but^s, and remote-controlled, 
autonomous sur&ce vehicles. 
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